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1.0 


INTRODUCTION 


Tile Bisynchronous Modem Interlace is a single card 
controller for those users who wish to employ Binary 
Synchronous Communications (BSC) procedures and 
equipment for data link communications. The Bisync 
Modem Interface is an I/O controller plug-in card 
option designed for all versions of the Micro 1600 
processor and the BEAUTY Transaction Processor. 

The card provides the processor with the capability to 
communicate over full- and half-duplex data links, 
employing a half-duplex mode of operation, and inter¬ 
facing with synchronous modems at all rates from 2000 
to 20, 000 Baud. It is assumed that clocking will be 
provided by the modems. 

The controller is a single-channel version which utilizes 
an 8-hit c har acter encoded in EBCDIC (transparent or 
non-transparent) character code assignments. * 

All data is transmitted as a serial bit stream and employs 
exclusively the Binary Synchronous Communications (BSC) 
procedures for data link, discipline. The modem interface 
control procedures conform to the requirements of EL4 
RS-232-C. 
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2.0 


CONTROLLER SUMMARY 


Modem Rates 

AH rates to 20 kilobits per second will be supported. Data 
clocking shall be provided by the modem. 

Modem Interface 









3.0 


FEATURES 


Modem Rates, Interface and Quality 


AIL modem rates from 2 kilobits per second to 20 kilobits per 
second can. be accommodated - Modems which, provide clock 
signals must be used. The modem interface discipline which 
the controEer shall provide meets the requirements of EIA 
Standard RS-232-C, Interface Between Data Terminal Equipment 
and Data. Communication Equipment Employing Serial Binary 
Data Interchange. Modem and controller signal quality shall 
meet the requirements of EIA Standard RS-334, Signal Quality 
at Interface Between Data Processing Terminal Equipment and 
Synchronous Data Communication Equipment for Serial Data 
Transmission. 

Transmission Codes 

The transmission codes employed by the 2602 Bisynchronous 
ControEer are Extended Binary Coded Decimal Interchange Code, 
EBCDIC, and the transparent code set. The EBCDIC code set 
consists of numeric, alphabetic (both upper, and lower case), 
symboEc and special graphic characters. Certain symbols of 
the code are set aside for data link control r equirements. 

Figure 3.2.1 shows a standard EBCDIC Character Assignment 
Chart as presented in IBM document GA27-3004-2, General • 
Information - BSC. Alternate and additional code chart assign¬ 
ments are encountered in specific IBM machine environments. 
However, the data link control subset remains primarily the 
same and is tally supported by the 2602 (Ref. Sec. 3.8). 

Synchronization and Time-Outs 


Primary bit symbol synchronization is assumed to be accomplished 
by the modem employed in the data link. Specifically, it is 
necessary that RS-232-C signals DB, Transmitted Signal Element 
Timing, and DD, Receiver Signal Element Timing, be provided by 
the synchronous modem to effect proper 2602 bit cloc king operation. 
For the special case of diagnostic turn-around, the bit clock is 
provided by the- card.___ 
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To effect word sync, the received bits axe collected into 8-bit 
groupings,- called characters, and each new character is tested 
far die h exade c imal code word 32, termed SYN; the synchronization 
code for message transmissions. Once SYN establishes the 
proper character grouping, birther character sync an receive is 
not required until the data link is terminated or turned around. 
During transmit mode, two SYN characters are inserted at the 
beginning of all message blocks, including intermediate trans¬ 
mission blocks. All messages are terminated with a single trailing 
pad character TF’ prior to data link turnaround or terminations. 

Four timeouts are provided by the 2602 system through the use of 
a software programmable counter on the card. These are as 
follows: 

Tr^Tigmit Timeout - A one-second tim eout that establishes the rate 
at which sync-idle characters (SYN SYN) are inserted into the 
transmitted message after the initial sync characters are trans¬ 
mitted, The 2602 software ensures that the two-character sequence 
SYN SYN (or DLE SYN in transparent mode) is present in the 
transmitted message at nominal one-second intervals for combina¬ 
tions of block lengths and baud rates which allow block transmission 
times greater than one second, - • 

Continue Timeout - A two-second timeout which becomes applicable 
in data link- turnaround situations where a delay in transmitting or 
receiving data must be indicated before the time-out occurs. 
Specifically, for the transmit case,, a transmitting station must 
transmit TTD, after receiving an acknowledgment for a previous 
block, if it cannot send the next block prior to the two-second 
time-out. In the receive case, a receiving station must transmit 
WACK as an acknowledgment if it is unable to receive further data 
in die two-second period. Continue time-out and error recovery 
procedures associated with it are provided by the 2602 software. 
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Receive Timeout - A three-second timeout associated with link 
turnaround reply and receive procedures. A transmitting station, 
an reverting to receive mode, will wait up to three seconds 
without the reception of sync-idle characters (SYN SYN) before 
e rr o r recovery procedures are initiated. If a station is receiving 
a message, it will wait up to three seconds without receiving 
SYN SYN (or DLE SYN in transparent mode) before the 2602 
controller notifies the system software of the error. Error 
recovery procedures are performed by the 2602 software. 

Disconnect Timeout - A nominal 20 second timeout optionally 
used an switched networks to prevent a station from holding a 
connection for prolonged periods of inactivity. The 2602 software 
will provide this timeout capability by tallying integer (6 to T) 
counts of the three-second timeout. The normal control link 
procedure, after the 20 second period, is to transmit the disconnect 
sequence DLE EOT and then, optionally, set Data Terminal Heady 
(CD) false. The 20 second timeout is primarily used with switched 
networks which axe supported with the Automatic Answer.feature. 

In this case,, disconnect occurs when Data Terminal Ready (CD) 
is- set false. 

Bit Error Detection, Format Errors 


Bisync data link discipline employs an error checking feature 
termed cyclic redundancy checking (CRC^'The CRC is a binary 
accumulation of bits which is the remainder of the modulo-two 
division at applicable message bjts'lsy a generating polynomial. 
The transmitter sends the resultant check bits and the receiver 
compares them with a similar division it has performed on the 
received message. Nan-comparison indicates that a single, 
double,, or odd-bit error has occured in the received message. 

The 2602 provides a hardware generation and checking of the CRC 
which uses EBM T s BSC CRC-16 and alternately, for the European 
user, the CCITT-CRC. The polynomials are shown below: 


CRC-16 : 
CRC-CCTTT : 


X 16 + X 15 + X 2 + 1 
X,16 + x 12 + X s +- 1 
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The resultant CRC is a two-character check word termed the 
BCC - The BCC is transmitted following the control characters 
ETB, ETX, or ITB and compared against the accumulated BCC. 

A detected BCC error is indicated to the 2602 software by an 
int er r upt and the setting of a status bit. Error-recovery 
procedures are performed by the software. In the event a 
control link, or format error occurred simultaneously with a 
detected BCC error, the error-recovery procedures associated 
with the former would take precedence. 

Format errors occur when the received control characters do 
not constitute a. legitimate sequence. Typical examples axe 
shown in Section 3.12. 

When a format error is detected by the 2602 hardware, the 
format error status bit is set and an interrupt is sent to the 
processor. The software will initiate error recovery procedures. 

Addressing 

Controller addressing is provided on each card by strap 
connections to meet the following address requirements: 

a* Card device address. 

b, Concurrent I/O address, 

c. Interrupt I/O address. 

The range provided by the straps is from 00 to IP. The 
preferred device addresses, however, will be constrained to 
the range 10-13 heat. User addressing, such as encountered 
in. multi link operation, will be provided by the 2602 software. 
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3.6 


Diagnostic Provisions 

Turn-around diagnostic procedures will be primarily employed 
to verify proper operation of the 2602 hardware. Turn-around 
may be instituted by replacement of the modem cable with a 
specially provided cable designed to affect the data and control 
signal turn-around. Diagnostic testing with the special cable 
installed requires a cooperative removal of the terminal from 
the tr ansmis sion link; however; it does provide a complete 
verification of the 2602 electronics, including interface 
electronics. Another A20002602 board is required for this 
test. 

The 2602 diagnostic supports the turn-around modes and verifies 
that the 2602 electronics: 

a. transmits and receives error-free data, 

b. emits proper modem control signals and senses 
the return modem status signals, ' 

c. generates and checks the BCC characters and 
initiates an error condition on reception of an. 
erroneous BCC. 
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Automatic Answer (AA) 

Automatic answer is a standard feature provided by the 2602 
controller. In Auto Answer, the signal Data Terminal is 
normally set true. The modem, an receiving a Ring indication, 
answers the incoming call by establishing the switched network 
connection prior to issuing the signal Data Set Ready. If the 
2602 software ascertains that no switched network connection 
was made within. 20 seconds, the call is terminated and error 
recovery procedures are initiated. 

Data l ink- Control 


The 2602 will recognize and act on the following data link 
single-byte control characters: 


EBCDIC Character Hex 


SYN 32 

son oi 

SIX 02 

HE IF 

ETB 26 

ETX 03 

EOT 3 T 

ENQ 2D 

NAS. 3D 

DLR 10 

BEL* 2F 


*BEL is not a BSC data link control character; however, in 
2780 and 3780 emulation environments the character may 
appear as a legitimate single-byte message. As such, the 2602 
will recognize and pass BEL to the software. 
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6. 


Set a status bit and am error interrupt if the time-out 
timer runs out. 


7. Set a status bit and an error interrupt if a format error 
is encountered in a control sequence, or a data over run 
occurs. 

3.9 Data Transfer Modes 

The controller transfers all non-data bytes and control codes by 
employing the byte I/O interface. All data and link-control 
character transfers are accomplished using the concurrent I/O 
mode and interface. 

In the byte I/O mode, function bytes, control codes, mask bytes 
and time-oat timer set ting s axe transferred to the controller during 
byte I/O output mode. During byte I/O input mode, status bytes are 
transferred to the processor. In both cases, transfer is initiated by 
the processor. 

In concurrent I/O mode, data transfer is initiated by the 2602 
controller and completion of the transfer is signalled by activating 
the external interrupt input. 

In. transmit mode, data is transferred one byte at a time- from the 
processor to the output buffer register and from there to the transmit 
register. This double buffering feature allows a full character time 
far the nest byte to be transferred to the output register. 

In receive mode, similar double-buffering considerations hold, 
allowing up to a character time for transfer of the receive byte to 
the processor. 

3.10 Device Order Codes 


3.132-2 


To set the primary control mode of the 2602 controller, the processor 
transfers a device order to the controller in byte I/O mode. The 
device order is the second byte of an I/O instruction and contains 
a three-bit device order and a five-bit device address: 


LU 

6 

E 

4 

LL 
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Device Device 
Order Address 
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Additionally, the following double-byte link control characters will 
be recognized by the 2602; 


EBCDIC Character 

Hex 

ACKO 

10 

70 

ACK1 

10 

61 

wack: 

10 

6B 

SVI 

10 

7C 

TTD 

02 

2D 

DLE EOT 

10 

37 

SOH ENQ 

01 

2D 

DLE ENQ 

10 

2D 


The primary message control features performed by the 2802 are as 

follows: 

1. Hecognize and pass to the software, proper message sequences 
devoid of sync, transparent sync, pad and BCC characters. 

2. Recognize specific control link characters in both transmit and 
receive message to effect the proper computation of the BCC 
characters*. In receive mode, compare the computed BCC 
characters against the received BCC characters and set a 
status bit and error interrupt if they do not match* In transmit 
mode, compute the BCC and insert it into those messages that 
require them*. 

3. End each message with a trailing pad character ( f E7 T ). 

4* Insert in the transmit message, where data transfer delays are 
encountered, SYN SYN characters (or DLE SYN in transparent 
mode) to hold the data link . 

5* Set a status bit and an interrupt if a message termination occurs 

NOTE: 

The software routine should insert two sync characters (SYN SYN) 

in the beginning of a message stream- 




The 2602 Controller examines the device address portion and if 
it is the same as the device address of the card, the device order 
is accepted- Acceptable device addresses for the 2602 must lie 
in. the range hex 10-13. 

The device order definitions as they apply to the 2602 are shown 
in the table in Section 3.10.1. If a transfer is implied by the order 
code, the direction is established by the I/O control lines. 

3.10.1 2602 Device Orders 

Device 

Order Operation Description 

0 Timeout Timer Sets and releases to count a timeout 

timer whose range is from zero to three 
seconds. Causes Timeout Timer status 
bit to be- cleared. 

1 Status/Function Causes a status byte to be transferred 

from the controller (on I/O input) or a 
function byte to be transferred to the 
controller (on I/O output). 

Causes controller to enter receive (sync 
search) mode, arms the interrupt logic, 
and sets alternate status bit 0 true. Valid 
receive characters are transferred to 
memory. An interrupt will occur only if 
disconnect order code (Hex 4) is issued or 
an interrupt condition, is encountered (see 
paragraph 3.11.3 Interrupts). 

Arms the interrupt logic, transfers an 
interrupt mask byte allowing the controller 
to interrupt if the mask conditions are 
satisfied and sets alternate status bit 2 
true. 


3 Arm Inte r r up t and 
Set Mask 


2 Concurrent Input 
With Int er r up t 
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Device 

Order 


4 Disconnect Clears Concurrent I/O In and Concurrent 

I/O Out states, sets alternate status bit 4 
true-, causes controller to enter idle mode 
(no operations performed), and generates 
an interrupt if int e rr u pt logic is armed. 


5 Disarm Interrupt 


6 Concurrent Output 
With Interrupt 


4 - 

7 Alternate Status/ 
Function 


Inhibits controller from executing any 
interrupt and releases priority to lower 
devices. Order is sent on 1/0 output. 

Causes controller to enter transmit mode, 
arms the interrupt logic, and sets alternate 
status bit 1 true. Valid characters are 
transferred from memory to the transmitter 
register. An interrupt will occur only if 
disconnect order code (Hex 4) is issued or 
an int er r up t condition is encountered (see 
paragraph 3.11.3 Interrupts). 

Causes controller to transfer alternate 
status byte to the processor. Order causes 
an I/O inputs or a function byte to be 
transferred to the controller. 


In the table shown in Section 3.19.2, a summary of Micro 1600 
instructions which effect the 2602 controller is presented. Device 
address Hex 10 is assumed. 
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3.10.2 


STATUS TRANSFER 


Her 

Mnemonic 

Instruction 

3130 

EBA 

Input Status Byte to A Register 

3230 

IBB 

Input Status Byte to B Register 

3330 

IBM 

Input Status Byte to Memory 


ALTERNATE STATUS TRANSFER 


31F0 

32F0 

33F0 


Input Alternate Status Byte to A Register^ 
Input Alternate Status Byte to B Register 
Input Alternate Status Byte to Memory j 


FUNCTION TRANSFER 


3930 

3A50 

3B30 


OBA 

OBB 

OBM 


Output Function Byte from A Register 
Output Function Byte from B Register. 
Output Function Byte from Memory 


ARM INTERRUPT & SET MASK 


OBA 


3A70 


3B70 


DEVICE ORDERS 

3X10 

3X50 

3XD0 

3X90 

3XB0 

3XF0 


OBM 


Arm interrupt and output mask from 
A Register . 

Arm interrupt and output mask from 
B Register. 

Arm interrupt and output mask from 
Memory. 


Output Timer Byte 
En able Block Input Mode 
Enable Block Output Mode 
Disconnect 
Disarm Interrupt 
Software Master Reset 


(X * 9 or A or B) 


(Z = A or B or M) 


PS20002602 


Prjrm 3-132-2 


DWG 

SIZE 


SHEET 18 ' OF 54 


REV 



3.11.1 


Functions. Status and Interrupts 


A. byte ofdata. termed a fimctian byte, is transferred to 
the 2602 controller in Byte I/O mode by the device order 
Hex 1. 

The function byte specifies the modem control signals and 
the controller I/O mode. 

Function Byte 



Spare 

Spare 

Spare 

Spare 

Spare 

■Data Terminal Beady (CD) 
•Request to Send (CA) 


Data Terminal Beady (CD) 


Modem control signal. 


Bequest to Send (CA) 


Modem control signal. 


Alternate Function Byte 


The alternate function byte is used as a Software Master Reset 
to the controller board. Modem terms CA and CD are not affected. 
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3.11.2 


rant* 


Status Bytes 

Two status bytes axe maintained by the 2602 controller. The 
main status byte is transferred from the controller to the 
processor whenever device order Hex 1 is issued. The 
alternate status byte is transferred with device order Hear T. 

Status Byte 



Timer Timeout 
Format Error 
BCC Error 

Message Terminator Detected 
Ring Indicator (CE) 

Clear to Send (CB) 

Data Set Ready (CC) 

Received Line Signal Detector (CF) 


Alternate Status Byte 


1.1 33-2 


Spare 



Concurrent Input Mode Set 
Concurrent Output Mode Set 
Interrupts Armed • 

Receive Data Overrun 
Disconnect Issued 

Transparent Mode 
Busy 
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Reception of a message terminator will cause status bit 3 to 
set. Concurrent I/O out and Concurrent I/O in to reset, and an 
interrupt to be generated if armed and the mask bit is set. 

The order code Disconnect (hex 4) causes the Concurrent Input 
mode (hex 2) and Concurrent Output mode (hex 6) to reset and 
alternate status bits 0 and 1, to reset. Restarting the timeout 
timer (order code zero) will cause status bit 0 to go false. 
Accessing the status bytes will cause those modem sense bits 
to be set false whose .signal is false, and clears the remaining 
status (or alternate status) bits. Transparent mode is solely 
controlled by the 2602 hardware and cannot be cleared by the 
software. 

3.11.3 Int er r up ts 

The processor can be interrupted on byte I/O operations or at 
the end of concurrent I/O operations if the interrupt has been 
armed. 

All interr up t conditions, not concerned with concurrent I/O, 
axe- maskable. The mask byte is transferred to the controller 
an order code 3‘. 

Interrupt Mask Byte 
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3.11.4 


For int er r u pt mask bits T thru 4, any change in the signal will 
cause an interrupt if the associated mask bit is set. Interrupt 
bit 2 specifies that a BCC Error will be sensed as an interrupt. 
The runout of the timeout timer is specified by bit 0. Format 
error, bit 1, implies the reception of an improper control 
character sequence, or that a receive character was not 
transferred in time to prevent overflow. Message terminator 
Detected inchoates that a control character (or characters) was 
received which would cause message termination or link turn¬ 
around; e.g., EOT, ENQ, DLE ENQ, DLE EOT, ETB, ETX, 
etc. Interrupt mask is reset by issuing an alternate function 
Reset command. 

Timeout Timer Byte 

The order code zero, when executed, transfers a byte to the 
timeout timer and releases it to count. For hardware purposes, 
the actual byte transferred is the binary l’s complement of the 
timeout period desired. Clock period is 12.3 milli seconds. 


Timeout Timer Bvte 


7 6 5 4 3 210 


“I’s complement representation 
of timeout period. 


Desired 
Timeout Period 


Timeout 


3 seconds 
2 seconds 
1 second 

12 milliseconds (min.) 
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3.12 Functional Description 

Two PROMS store a. control program of 256 eight-bit words 
(decodable micro-instructions). The microprocessor is a three 
Instruction machine executing most of the subroutines in a linear 
fashion. The basic clock period is 1.6 microseconds which is 
rapid enough for 3ubsequencing inside the 96 00 Baud rate (104 
microseconds between characters), yet slow enough for the MOS 
devices. 

Figure 1 shows a basic block diagram of the state sequencer and 
subsequencer section of the bisync controller. The eight-bit 
character word, sourced either from the MOS receiver register 
or the transmit buffer register, is decoded to one of 16 four-bit 
words in. the state decoder PROM and applied as input to die state 
sequencer PROM. The other four inputs to the state sequencer 
are supplied by the subsequencer from a previous subroutine that 
has finished. The resulting four-bit word out of the state 
sequencer along with the signal CCOT (Concurrent Transmit 
Output) specifies one of 32 eight-bit starting locations of a sub¬ 
routine in the 256-word control program. 

Figure-2 shows a flow diagram, transmit or receive* of the 
control program. Each circle represents a subroutine, and 
the flow from one subroutine to another is dependent on the next 
word received and, processed by the state sequencer. Flow 
diagrams are provided for each of the subroutines in Section 3.13. 

Figure 3 shows specific flow of the state sequencer . The eight-bit 
control instruction performs specific operations depending on the 
state of bits six and seven which specify the instruction. Figure 4 
lists the fields associated with them and a description follows. 

The test and wait instruction looks at one-of-eight input to a MTJX. 
If the input signal is false the address counter is prevented from 
being incremented causing the subsequencer to wait until the 
signal is true, then it will continue down the subroutine. Primarily 
the signals which enter into the test and wait MUX are concerned 
with the condition (full or empty) of interface registers. 
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The test and branch instruction looks at one-of-eight signals on 
which a branch within the subroutine or between subroutines may 
be taken. For each branch condition, one of two addresses may 
be specified, depending upon whether the tested signal is true or 
false. Bits MFO, 1, 2 and 3 specify the location in the branch 
address PROM along with BOND which contains the new address 
for the subsequencer. 

The emit instruction provides fields which are encoded and supplies 
inputs to decoders used as control gates or control clocks. Field 
'A* specifies the inputs to a three-to-eigbt decoder which has eight 
control gate outputs used primarily to control the MOS transmitter 
chip Decode seven of this field, however, is used to perform a 
branch between subroutines, and Field 'B f at this time is used to 
input the four-bits to the state sequencer PROM. Field T B T normally 
specifies the inputs to a faux-co-sixteen decoder which is used to 
generate 16 separate control clocks. These control clocks are 
primarily'used for loading registers, initiate transfers, keep house 
on CRC generator and MOS receiver chips. 

Figure 3 shows, a flow diagram of the overall data path. Output 
data from the computer is strobed into a latch. The data then goes 
through a MBS which selects this data or a check, code, and then to 
the MOS transmit chip where it is broken down and transmitted 
serially. The word from the latch is also presented to the BCC 
generator and the state decoder. Input data is received by the MOS 
chip and strobed into a receiver buffer. The data from the receive 
buffer is presented to the BCC generator. Data from the MOS 
receive chip is presented to the state decoder . 

The BCC generator starts accumulating on the first word after the 
start of text character and finishes on the end of text character. 

The accumulation is then added as two eight-bit words on to the end 
of the message or in the input mode, the last two words (BCC) are 
put into the generator and the result should be zero for a good 
received message. 
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State Sequence Flow Diagram 













































































































































































TEST AND WAIT 


7 6 5 4 3 2 1 0 

0 0 0 0 0 I A 


Ward (Hex) 
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00 

0 - (DR) 

New Character 
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1 - (RBE) 

Receive Buffer Empty 
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2 - (TBF) 

Transmit Buffer Full 
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Transmit Buffer Empty 
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Last Bit of T-yi Character Time 

05 

5 -(MDET) 

Match Detect 

06 

6 - (EOTC/) 
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or- 

7 - (MDET/) 

Match Detect False 


Figure 4. Description of Subsequencer Instructions 
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70 0 - (CCOT) Concurrent Output 

7X 1 - (TBF) Transmit Buffer Full 

72' 2 - (TBF) 

73^ 3 - (TBF) 
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Word (Hex) 


0 - NO OPERATION 

1 - (LPAD/ DEE/) Load Pad/Data Ready Reset 
2. - (SYN/) Load SYNC Character 

3 - (LDU2/) Load DLE Character 

4 - (LTXC/) Transfer Character to T x Register 

5 - (LCE1/) Transfer BCC1 to T x Register 

S - (LCR2/) Transfer BCC2 to T x Register 

7 - (LDSS/) Load Subroutine Branch Address 


Word (Hex) 


0 - NO OPERATION 

1 - (LEER/) Transfer Character to R x Buffer 

2 - (ICHI/) Initiate Character Transfer to Memory 

3 - (ICHO/) Initiate Character Transfer from Memory 

4 - (CCIOR/) Reset Concurrent I/O Request 

5 - (CBCC/) Clear BCC Generator 

6 - (GBCC/) Generate BCC Check Code 
T -NO OPERATION 

3 - (MTDP/) Set Message Terminator Detected 
9 - (FMJEP/) Set Format Error 
A - (SRCH/) Initiate SYNC Search 
B - (BCEP/) Check for BCC Error 
C - (TEMP/) Set Transparent Mode 
D - (RTRM/) Reset Transparent Mode 
E - (RTOT/) Restart Timeout Timer 
F - (RTBF) Reset Transmit Buffer Full 


Figure 4. (Cont'd) 
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3.13 


Sequencer Flow Diagrams 

Note address is shown beside each instruction with the Hex value 
of the instruction in parenthesis. 
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ENVIRONMENT St POWER REQUIREMENTS 

- The controller-requires 3 Amps at +5V, 60 mA at 12V, and * 

100 mA at 16.75V. It is designed to operate at temperatures between 
0°C and. 50° C and up to 90% relative humidity without condensation. 
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Device Address Jumpering 

Table 1 contains the address jumpering for all ranges of address 
from 0 to IE. 
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the etch between the- eyelets that are changed 
must be cut. 
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